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Abstract 

This paper describes the application of the Uniform Geometrical Theory of Diffraction (UTD) for Space 

Station Wireless Local Area Networks (WLANs) indoor propagation characteristics analysis. The 

verification results indicate good correlation between UTD computed and measured signal strength. It is 

observed that the propagation characteristics are quite different in the Space Station modules as compared 

with those in the typical indoor W L A N s  environment, such as an office building. The existing indoor 

propagation models are not readily applicable to the Space Station module environment. The Space Station 

modules can be regarded as oversized imperfect waveguides. Two distinct propagation regions separated by 

a breakpoint exist. The propagation exhibits the guided wave characteristics. The propagation loss in the 

Space Station, thus, is much smaller than that in the typical office building. The path loss model developed 

in this paper is applicable for Space Station WLAN RF coverage and link performance analysis. 
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Abstract - This paper describes the application of the 
Uniform Geometrical Theory of Diffraction (UTD) for Space 
Station Wireless Local Area Networks (WLANs) indoor 
propagation characteristics analysis. The verification results 
indicate good correlation between UTD computed and measured 
signal strength. It is observed that the propagation 
characteristics are  quite different in the Space Station modules as 
compared with those in the typical indoor W L A N s  environment, 
such as a n  office building. The existing indoor propagation 
models are  not readily applicable to the Space Station module 
environment. The Space Station modules can be regarded as 
oversized imperfect waveguides. Two distinct propagation 
regions separated by a breakpoint exist. The propagation 
exhibits the guided wave characteristics. The propagation loss in 
the Space Station, thus, is much smaller than that in the typical 
office building. The path loss model developed in this paper is 
applicable for Space Station WLAN RF coverage and link 
performance analysis. 

Index Terms - Wireless LANs; propagation model; space 
station; Uniform Geometrical Theory of Diffraction. 

I. INTRODUCTION 
The propagation characteristics are important for 

communication systems performance and interference 
analysis. Recent progress in mobile and personal 
communications services has developed intensive research in 
propagation characteristics for various Radio Frequency (RF) 
environments. The theoretical and experimental studies 
indicate the propagation characteristics are very dependent on 
the specific RF environment. For instance, the rural 
propagation mechanism is mainly determined by direct and 
ground-reflected waves. Urban propagation mechanism is 
more random in nature due to the presence of many reflected 
waves from surrounding buildings. The propagation 
characteristics of indoor environments such as in houses, 
office buildings, and factories are also very different based on 
the construction materials, furniture and partition setups. 

The International Space Station (ISS) uses Wireless Local 
Area Networks ( W L A N s )  to provide continuous LAN services 
to mobile astronauts carrying portable computers. Wireless 
LANs can provide a flexibility not offered by wired systems 
when astronauts carry portable computers in the Space Station 
zero gravity environment. The performance of wireless 
communication systems is greatly affected by the radio wave 
transmission path between the transmitter and the receiver. 
Unlike wired communications that are stationary, wireless 
radio propagations are extremely environment dependent. 
Therefore, it is necessary to thoroughly understand the 
propagation characteristics for system performance evaluation 
and verification. 

The International Space Station consists of many modules, 
which are metallic cylindrical structures. The enclosed space 
and the one-dimensional extension make the Space Station 
modules a very unique propagation environment. The existing 
indoor propagation models are not readily applicable to the 
Space Station module environment. To characterize the 
propagation environment inside the Space Station modules, 
computer simulations were performed using the computational 
electromagnetic technique - Uniform Geometrical Theory of 
Diffraction (UTD). There is no universally applicable path 
loss model for all environments. The specific path loss model 
is typically obtained from intensive field measurements, which 
are expensive and time consuming. In this paper, the signal 
strength of the Wireless Local Area Network (WLAN) system 
inside the International Space Station is computed. The path 
loss exponent is determined from computed results. 

11. SIGNAL STRENGTH COMPUTATIONS 

A. 

The UTD computes the electromagnetic field for three types 
of rays: direct, reflected, and diffracted rays. The reflected and 
diffracted field at a field point r’, Fd(r’), can be computed as 

Uniform Geometrical Theory of Difiaction (UTD) 
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where E’ (r) is the field incident on the reflection or 
diffraction point r, Dr*d is a dyadic reflection or diffraction 
coefficient, A‘’d (s) is a spreading factor, and s is the distance 
from the reflection or diffraction point r to the field point r’. 
Dr7d and A‘9d can be found from the geometry of the structure 
at reflection or diffraction point r, and the properties of the 
incident wave there. 

111. EXPERIMENTAL VERIFICATION 

The measured data were used to assess the validity of the 
computer simulation model. The first comparison was made in 
an ISS LAB module. A series of the WAN signal strength 
measurements were conducted in the Marshall Space Flight 
Center (MSFC) LAB module facility [ 11. Data obtained from 
the measurements were compared to the UTD computed 
results. As shown in Reference [l], good agreement between 
the computed and measured data was obtained. 

A comparison was made for a tunnel, 150 m long, with a 
rectangular cross-section 4.7 m high and 8 m width. The 
transmitting and receiving antennas are half-wave dipoles, 
vertically polarized and located in the middle of the tunnel. 
The conductivity is 0.01 S/m and the relative dielectric 
constant is 5 in the tunnel model. Curves in Fig. 1 show the 
measured and computed results of the variation of the signal 
strength versus the distance between the transmitter and the 
receiver at a frequency of 900 MHz. Good agreement between 
measured and computed results was observed. 

The third verification case is for a smaller tunnel with 4.2 
m width and 2.9 m high. The transmitting and receiving 
antennas are half-wave dipoles, horizontally polarized and 
located in the middle of the tunnel. The conductivity is 0.01 
S/m and the relative dielectric constant is 10 in the tunnel 
model. Fig. 2 illustrates the measured and computed results of 
the variations of the received signal power levels versus the 
distance between the transmitter and the receiver at 900 MHz. 

Again, the simulated propagation results agree well with 
the measured values. Fig. 2 shows that fluctuations of the 
received signals appear in the vicinity of the transmit antenna. 
In the short distance region, significant reflected rays cause 
large fluctuations, whereas in the long distance region as the 
reflected rays become less significant, the direct ray 
contributes the most to the received signal. Therefore, the 
magnitude of fluctuations diminishes as the receiver moves 
further away fiom the transmitter. Both measurements and 
predictions show the existence of a distinct break point along 
the line-of-sight path, before and after which the propagation 
has a different rate of attenuation. This propagation behavior 
was observed in other radio environments as well. By taking 
this break point into consideration, a good correlation between 
the propagation loss model and measurement data can be 
achieved. 

Iv. RESULTS AND DISCUSSIONS 
As shown in Figures 3 and 4, linear regression analysis is 

employed to study the variation of signal strength over the 
distance from the transmitter to the receiver. It is observed that 
the propagation characteristics are quite different in the Space 
Station modules as compared with those in the office building. 
Two distinct propagation regions separated by a breakpoint 
exist in the Space Station modules. Thus, in order to have a 
more accurate fit, a two-slope regression fit is needed for the 
Space Station propagation model. The Space Station modules 
can be regarded as oversized waveguides. The propagation 
exhibits the guided wave characteristics. The propagation loss 
in the Space Station, thus, is smaller than that in the office 
building. 

V. CONCLUSIONS 
The obtained results illustrate the uniqueness of the Space 

Station module environment. The path loss is much less than a 
free space path loss due to the confined spaces of the modules 
and guided-wave phenomena. The multipath and multimode 
propagations have produced significant signal fluctuations. To 
verify our computational technique, we compare our 
computed results with the measurement results in two 
different tunnel environments, which are closer to the Space 
Station module environment. In both environments, the path 
loss is less than a free space path loss. The guided wave 
effects are confirmed by both measurements and simulations 
that the path loss is less than a free space path loss in 10 meter 
range. The Space Station modules act like oversized 
waveguides. The propagated waves consist of the fundamental 
mode, as well as an infinite number of higher order modes. 
However, the Space Station modules are made of metallic 
material. A subway or road tunnel is made of lossy dielectric 
material. The Space Station modules are shorter than the 
subway and road tunnels in length. The path loss for the Space 
Station modules are even smaller than the subway and road 
tunnels. 
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Fig. 1. Measured and computed results of the variation of the signal strength 
versus the distance between the transmitter and the receiver in a tunnel. 
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Fig. 3. Path loss versus the distance between the transmitter and the receiver 
in Space Station environment. 
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Fig. 2. Measured and computed results of the variation of the signal strength 
versus the distance between the transmitter and the receiver in a smaller 

tunnel. Fig. 4. Path loss versus the distance (in Log scale) between the transmitter and 
the receiver in Space Station environment. 
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Call for Papers 
The IEEE Radio and Wireless Conference (RAWCON 2004) presents the most recent 
interdisciplinary aspects of wireless and RF technology. RAWCON focuses on how the 
pieces fit together to shape the latest developments in communications technology, and 
enable the convergence of applications. In addition to oral presentations and posters, 
RAWCON includes workshops and panels, as well as exhibits and presentations by 
vendors. After being in Boston for three years, RAWCON will move to Atlanta in 2004. 

RAWCON 2004 sessions will highlight applications including (but not 
limited to): 

Next Generation (3G/4G) including EmergencyLocation Services 
802.11MperLAN2 Wireless LAN Systems 
Software Defined Radio and Emerging Technologies 
802.16LMDS Broadband Fixed Wireless and Last-Mile Access Techniques 
BluetooWersonal Area Networks 
Wireless Sensors and Ad Hoc Networks 
Ultrawideband (VWB) Communication 
Low-Power RFIC and System-On-Chip Solutions 

Sessions will include presentations on systems and enabling 
technologies in the areas of: 

System Architecture, Integration, and Convergence Issues 
System Level Design, Modeling, and Simulation 
Smart Antennas, MIMO, and Propagation Modeling 
Power Amplifiers, Linearization, and Active Components 
Front-End Subsystems and Passive Components 

Submission Instructions 
Authors are asked to submit a two cluding figures) electronically using 
the httm//rawcon.org web page by Please indicate your preference for 
oral or poster presentation format. For electronic submissions the preferred file format is 
pdf, although MS Word and postscript files are also acceptable. 
Submissions will be evaluated for originality, significance of the work, technical 
soundness, and interest to a wide audience. Authors will be notified of acceptance by 
30 A p d ,  2004. Final accepted papers (4 pages in length) must be received by 24 July, 
2004 to be included in the published Proceedings. 

Vendor Exhibition 
RAWCON 2004 is a great venue for vendors to display their products to world-class 
technologists in a booth or tabletop format. 


